Abstract. Interannual and seasonal variability of the hydrographic parameters and distribution of Villorita sp. in the Cochin estuary was studied to assess the impact due to the construction of Thannermukkom bund. Results showed that periodical closing and opening of the bund had significant effect on different hydrographic parameters. Water temperature showed an increase during January to March and July to September; values showed a decrease from April to June and also during October to December. The study zones had a freshwater dominated environment with measurable salinity occurring only during pre-monsoon and zone south of bund (B) having significantly higher salinity than other. Salinity showed a significant negative correlation with dissolved oxygen (P<0.05) at zone B. All the zones were predominantly acidic. The maximum dissolved oxygen concentration observed was during July. Dissolved oxygen concentration at zone north of bund (A) was higher in magnitude than zone south of bund (B) and at both zones (A and B) dissolved oxygen is highly correlated with most of the parameters (P<0.05). Net productivity at all zones was highly fluctuating and significant differences were observed between zones (P<0.05). Nitrate concentration was maximum during post-monsoon and minimum during pre-monsoon and significant difference between zone A and B (P<0.05) were noted. Nitrite concentration decreased gradually from December to June and increased from July to November at both zones. The maximum phosphate concentration at all the zones was during May and there was no significant difference between zones at 5% level. At zone A the predominant nature of substratum was silty-sand and at zone B it was sand. In the case of sand, silt and clay there were significant difference between zones; P<0.01 for sand and silt; P<0.05 for clay. Nearly 85 genera of phytoplanktons could be identified with 20-30 non-identifiable types. Bray-Curtis similarity index for hydrographic parameters of non transformed and fourth root transformed data showed that transformation has only homogenized the data, which resulted in higher similarity between parameters than for non transformed data, but has not changed the linkage pattern. Similar analysis for different months resulted in the formation of three clusters with very high similarity within each cluster. These were: the first cluster representing the period of closure of the bund (December to May), second cluster of opening of the bund (June to November) and the third one of the months in between. This gives a clear-cut difference between closed and opened stages of the bund and leads to the conclusion that periodical opening and closing of bund affects all the hydrographic parameters in similar fashion in each month in every year. It can be concluded that construction, existence and periodical opening and closing of bund at Thannermukkom has been seriously deteriorating the ecology of the cochin estuary especially in the southern part of the bund with respect to clam beds.
Introduction
Over the past few decades, the impact of artificial structures such as dams and bunds upon natural ecosystems such as estuaries and their biodiversity had been one of the principal concerns raised. Though considerable efforts have been made to alleviate these impacts, they persist to result in significant negative impacts to the ecosystems and to the people that depend upon them for their living. This paper presents the results of the impacts of Thannermukkom bund ( Fig. 1 ) in Cochin estuary with special emphasis on clam bed.
Figure 1. Location and surroundings of the Cochin estuary
Cochin estuary extends from 9°30' to 10°20'N and 76°13' to 76°5'E. This estuary is about 100 km long and 3-4 km wide and is a part of Vembanadu lake, the largest estuary along the west coast of India. Thannermukkom bund was constructed in 1974 to prevent salt-water incursion and to promote cultivation of in the low-lying fields. The bund was made functional in 1976. It remains closed from January to May every year. A number of studies had pointed out the severe environmental impact of the bund on the ecology and fishery of the Cochin estuary [12, 21] . Drastic ecological changes had been reported in the region, particularly south of the bund, thereby affecting the ecology, distribution, survival and abundance of the living resources in the estuary. This study APPLIED Villorita cyprinoides -generally known as black clam (Fig. 2) -is reported to be widely distributed in Cochin estuary [1] . Its bed is generally regarded as an ecosystem in its own rights, because this calcareous biomass (Villorita sp.) traps sediment and provides a structural basis for the growth of many other species such as autotrops and heterotrops. These clams feed by filtering the water column above them and excretions of the community stimulate the nutrient cycle. The shell of clam provides the raw material for the manufacture of cement and lime and the flesh forms a source of pertinacious food for a large section of people inhabiting the coastal areas. Thousands of families are depending on this species for their living. Clam meat is used for human consumption and also as a protein supplement for prawn and poultry feed.
The annual production of clam from the harvest of natural resources from India was estimated as 45 412 t. The black clam, Villorita cyprinoides tops the clam production forming 67 percent (29 077 t) of the total estimated annual production. Major production centers in Kerala are the Vembanad and Ashtamudi lake. Achari (1988) has described the characteristics of clam resources of Vembanad lake and has estimated a total production of 2500 tones of clam. Arun [1] concluded that the total landings of Villorita from Cochin estuary are nearly 1300 tonnes.
Materials and methods
Sampling was made at four locations in the estuary for the present investigation (Fig.  1 ). Stations were selected at south and north of Thannermukkom bund for which stations I and II were taken as Zone A and stations III and IV were taken as Zone B. Regularly, at fortnightly intervals sampling was carried out from these zones for a period of two and half years starting from November 1998. Samples were taken from estuarine bottom. All the analysis were carried out by standard procedure, temperature (ordinary thermometer), salinity by Mohr's titration method [23] , pH by pH meter, DO by Winkler's method [23] , productivity by Gaarder and Gran's light and dark bottle method [23] , nitrate by Morris & Riley [20] and Grasshoff [9] , nitrate by Bendschreider & Robinson [2] given by Grasshoff [9] , phosphate by Grasshoff [9] , silicate by Koroleff [14] given by Grasshoff [9] and sediment composition by Carver [4] .
Three ways ANOVA is applied to the data to compare the variations if any, of zones A and B, between months and between opening and closing stages of the study period for each of the parameters. Bray-Curtis similarity index is calculated between hydrographic parameters (among different parameters, those with r values such that r<0.361 with all other parameters are deleted from being included in the diagram. Hence the parameters pH, N : P ratio, NO 3 -and PO 4 3-are removed at zone A and the parameters pH, N : P ratio, NO 3 -and PO 4 3-are removed at zone B) and months to group together the parameters and months which are highly correlated. Draughtsman's plot is drawn for studying the relation between different hydrographic characteristics at these locations.
Results and discussion
Results in general indicated that the hydrographical characteristics of the study zone varied during the study period. Zone A and zone B were found to be highly different with respect to all hydrographic parameters except N : P ratio, PO 4 3-, SiO 3 2-(F (1,20) = 4.5547, P<0.05). Similarly, month wise difference was highly conspicuous for all the parameters except NPP and GPP (F (5, 20) =3.1232, P<0.05). These results are presented in Table 1 .
Further analysis revealed that the temperature fluctuation was 7 °C at zone A and 4-5 °C at zone B. Distribution and growth of estuarine organisms especially black clam (Villorita cyprinoides) were found to be inhibited by high temperature fluctuations, i.e., low growth rate and low stock density of clams were observed in zone A to that of zone B. Gradual and small increase in temperature accelerates the growth of Donax sp. [25] . Present investigation do not support the views presented by Kurian [16] , i.e., the seasonal variation in bottom temperature of a particular zone in Cochin estuary is only 2-4 °C and so temperature is not an important factor affecting the distribution of fauna in the Cochin backwaters. In Cochin estuary comparatively higher temperature prevailed during pre-monsoon and low temperature during monsoon periods, similar observation was made by Talikhedkar et al. [25] , Beninger & Lucas [3] and Modassir [18] in different estuaries. During monsoon months a sharp decrease in the ambient temperature was noted due to prevailing rain [7, 22] . Zone A has comparatively lower temperature than zone B during pre-monsoon, closing of bund during this period resulted in the stagnation of water body at zone A, which is south of the bund.
Salinity of interstitial water in the mud at few millimetres below the bottom could be almost constant, while the salinity of the overlying water varies back and forth through the tidal range [16] . Zone B showed high salinity fluctuation when compared to zone A (P>0.001) (Fig. 3) especially during pre-monsoon; distinct variation in salinity between zone A and B was due to the seasonal infiltration of saline water from the sea and the prevention of tidal flow by the closing of bund during pre-monsoon.
In most of the months the pH of zones A and B were acidic (Fig. 4) , the river water remained acidic throughout the year [26] .
Seasonal variation in dissolved oxygen was found to be influenced by the monsoon showers, the maximum DO was during July, which coincides with South-West monsoon (Fig. 4) . Similar observation was reported by Modassir [18] in Zuari estuary and Jaybal & Kalyani [11] in Vellar estuary. It was also noted that a significant negative correlation is exhibited between salinity and dissolved oxygen at zone B (P<0.05), only at this zone (zone B) variation in salinity has occurred due to the closing of Thanneermukkom bund. Inverse relationship between salinity and DO in Cochin estuary has reported by Haridas et al. [10] and Kumaran & Rao [15] . Zone A was more productive than others (Figs. 5 and 6 ), this was due to the favourable environmental Table 1 . Three-way ANOVA for testing significance of difference between parameters (r = 5), months (j = 6) and stations (k = 2) (T F ra = temperature F ratio; S F ra = salinity F ratio; pH F ra = pH F ratio; DO F ra = dissolved oxygen F ratio; NP F ra = net productivity F ratio; GP F ra = gross productivity F ratio; NP ra F = net productivity to gross productivity F ratio; NO 3 F ra = nitrate F ratio; O 2 F ra = nitrite F ratio; PO 4 F ra = phosphate F ratio; SiO 3 F ra = silicate F ratio; S F ra = sand F ratio; Si F ra = silt F ratio; Cl F ra = clay F ratio) condition which persisted in that area. At all the zones there was an inverse relationship between temperature and productivity ( Figs. 7 and 8) . At zone A there was a low net : gross productivity ratio especially in pre-monsoon (Fig. 9) , during this period backwater receives a considerable amount of organic matter from land, whose decomposition requires more oxygen, this in turn would enhance the respiration rate which results in low net : gross productivity ratio. An increase in the nitrate concentration during monsoon months was detected with respect to pre-monsoon (Fig. 10) . The onset of south west monsoon was accompanied by a general rise in the nitrate level and the concentration of the nutrients was high during the monsoon months in Cochin estuary [17] . There was a net increase in nitrate concentration during monsoon and post monsoon and a decrease in pre-monsoon period; during monsoon and post monsoon there was net addition of nutrients and during pre-monsoon there was net removal [5] .
Seasonal average of nitrite concentration was low during monsoon months (Fig. 11 ) and high nitrite concentration was noted at zone B and low at zone A; due to the influx of large volume of freshwater with low nutrient content, which is believed to diluted the estuarine waters considerably, resulting in the modified nutrient pattern [17] . Phosphate concentration was low during monsoon months (Fig. 12) which may be due to the dilution of estuarine water with rainwater. Higher concentration during summer months may be the liberation of phosphate from the bottom mud. Relatively high concentrations of phosphate during pre-monsoon and a sharp decrease in concentration after reaching the peak; sudden break in monsoon and subsequent removal of phosphate from the ambient water by the silt brought into the estuary by heavy rain and utilization by algal population can be observed [13] . Considering the impact of bund the average dissolved silicate content was higher at zone A and lower at zone B (Fig. 13) in agreement with the fact that it is freshwater that brings dissolved silicate into the estuary [8] . High silicate concentration during monsoon months may be due to monsoon showers and resultant land run offs and lower during pre-monsoon may be due to the adsorbance of silicate by the suspended particles and co-precipitation with humic acid [8] .
At zone A, from January to April there was an increase in the percentage of silt and clay and corresponding decrease in sand (Figs. 14-16 ). Closure of bund leads to the prevention of the current which results in the settlement of sediment particles at this point. At zone B the sediment was dominated by sand, the admixture of freshwater and saline water reduces the velocity of the transporting agent, leading to the deposition of coarser particles such as sand at the head of the estuary [19] . According to Vereyya & Murthy [27] in the Cochin estuary the dominant sediment texture was sandy silt with high sand (<30%) and low clay levels. But results of the present study have established that in zone A the major constituents were sand (19-97%), silt (3-62%) and clay (1-6%). This drastic change in sediment texture has to be due the construction of Thannermukkom bund.
Bray-Curtis similarity analysis for the fourth root transformed data at zone A ( This grouping has occurred in a manner that at both zones cluster 1 is formed of months belonging to closed period (December to May) of the bund and cluster 2 by the months of opening period (June to November) of the bund and third cluster by the initial and final months of opened and closed period. This gives a clear-cut difference between closed and opened stages of the bund and leads to the confirmation that periodical opening and closing of the bund affects all the hydrographic parameters in similar fashion in each month in every year. It can be concluded that construction, existence and periodical opening and closing of the bund at Thannemukkom has been seriously deteriorating the ecology of the Cochin estuary especially in the southern part of the bund with respect to clam beds.
